Most general surgeons irrigate the peritonium before closing the abdomen to reduce infection. Following cardiopulmonary bypass (CPB) and before closing the chest, some cardiac surgeons irrigate the heart and pericardium with warm saline to flush out blood clots, confirm haemostasis and reduce the incidence of infection. We have observed haemodynamic changes accompanying this manoeuvre. This prospective study, using each patient as his own control, evaluated the haemodynamic consequences of warm irrigation on the heart and pericardium after CPB.
Most general surgeons irrigate the peritonium before closing the abdomen to reduce infection. Following cardiopulmonary bypass (CPB) and before closing the chest, some cardiac surgeons irrigate the heart and pericardium with warm saline to flush out blood clots, confirm haemostasis and reduce the incidence of infection. We have observed haemodynamic changes accompanying this manoeuvre. This prospective study, using each patient as his own control, evaluated the haemodynamic consequences of warm irrigation on the heart and pericardium after CPB.
Methods
With institutional review board approval, 11 (seven male and four female) adult patients undergoing elective cardiac surgery by a single surgeon gave informed consent. Patients requiting inotropic or intraaortic balloon support and those with fever or recent infection were not enrolled in the study.
Intramuscular morphine (0.1 mg. kg-l) and scopolamine (0.2-0.4 mg) provided preoperative sedation. Monitoring included a radial arterial line and oximetric pulmonary artery catheter via the internal jugular vein in CANJ ANAESTH 1994 / 41:5 / pp 384-6 addition to common noninvasive monitors. Anaesthesia was induced with sufentanil 3-5 ~tg. kg -~/v and vecuronium (0.1 mg. kg -I) provided muscle relaxation. Anaesthesia was maintained before, during and after CPB with sufentanil (5-10 I~" kg -I) and an inhalational agent if needed.
All volatile anaesthetics were discontinued before weaning from CPB. After discontinuation of CPB, the patients did not receive additional drugs or volatile anaesthetics during the measurement period of the study. The arterial and venous cannulae were removed and after completion of protamine administration, a self-calibrating Mon-a-therm model 6500 thermocouple monitor with sterile disposable sensors measured the myocardial septurn and the irrigating fluid temperatures. At the same time, the heart rate (HR), systemic blood pressure (BP), pulmonary artery pressure (PAP), and central venous pressures (CVP) were recorded. A Marquette model 7000RA monitor calculated cardiac output (CO) by thermodihition technique. The temperature vs. time curve for CO measurement had a stable baseline and an appropriate shape which obviated the need for triplicate determination. Pressure and CO data permitted calculation of systemic vascular resistance (SVR). Following these baseline measurements, the surgeon slowly poured one litre of warm saline into the mediastinal wound. Measurements during irrigation included CO and peak values of HR, BP, PAP and CVP.
Recordings of temperature and haemodynamic measurements were made immediately after completion of mediastinal irrigation. A maximum of three minutes elapsed from the beginning of instillation of warm saline and the completion of all measurements.
Normally distributed data are summarized with mean 4-SD, and nonparametric data are summarized using median and range. Statistical analysis employed repeated measures analysis of variance with Tukey's HSD test for pairwise comparisons for normally distributed data and Friedman's repeated measures analysis of variance with Wilcoxon's test for pairwise comparisons for nonparametric data. P < 0.05 determined significance.
Results
Of the 11 patients studied, eight underwent aortocoronary bypass and three had valve replacement surgery. The ages of the patients ranged from 34 to 74 yr with a median age of 70 yr. Their weights ranged from 61 to 131 kg with a median weight of 80 kg. The irrigation fluid temperature was 44 + 5~ (range 36.2-48.9~ The myocardial septal temperature ranged from 34.6-37.1~ and increased by 0. < 0.05) and calculated SVR (P < 0.01). During irrigation with warm saline, HR increased 9 -t-8 (SD) bpm (P < 0.05) and systolic BP increased 20 + 22 mmHg (P < 0.05) from baseline: SVR did not change. After irrigation, HR decreased 5 -t-6 bpm (P < 0.05), returning to its pre-irrigation level. Although systolic BP did not change between during-irrigation and afterirrigation measures (P = NS), the post-irrigation BP returned to within 13 + 24 mmHg of the pre-irrigation value. The SVR after-irrigation was 296 -I-302 dynes-sec-cm -S greater (P < 0.05) than its preirrigation value. Cardiac index did not change during irrigation (median 3.0 vs 3.0 L. min -l. m-2), but decreased to 2.4 L. min -I-m -2 following irrigation (P < 0.05, Wilcoxon's test) (Table) . The SvO2, CVP and PAP did not change.
Discussion
These data demonstrate a systemic response to warm cardiac irrigation over a brief period without other surgical stimuli. Sudden instillation of warm irrigation fluid over the heart and pericardium may stimulate the sympathetic nervous system resulting in the increased heart rate and blood pressure. Such a mechanism might also increase cardiac index and SVR. Yet, neither cardiac index nor calculated SVR changed during irrigation, while SVR increased and cardiac index decreased after irrigation. There are several explanations for the initially unchanged cardiac index. First, there may have been insufficient statistical power to detect a change. However, even if statistically significant, the median difference of 0.1 L. min -t-m -2 would not be of clinical importance. Second, the warm irrigation might have confounded cardiac output measurement by thermodilution. The thermodilution technique employs injection of a known volume of room temperature solution into the right atrium through the proximal port of the PA catheter. A thermistor located 4 cm from the end of the catheter measures the resultant cooling of the blood. Cardiac output is in-versely proportional to the area under the thermodilution curve. ~ The higher the patient's cardiac output, the more rapidly the pulmonary artery temperature returns to baseline after cold injection. Since instillation of warm irrigation fluid transmits thermal energy to pulmonary arterial blood, increasing its temperature, it may blunt the deviation from baseline temperature upon injection of cold saline during cardiac output measurement, thus spuriously elevating the result. Since measured cardiac index did not change during irrigation, measurement error could not have masked an increase in cardiac index. The measurement of cardiac output by a technique other than thermodilution would obviate this confounding effect. However, the use of an electromagnetic flow probe, radionuclide imaging or indocyanine green indicator dye during surgery would have been impractical. Measurement of cardiac output by pulse contour analysis or by thoracic bioimpedance is of questionable accuracy. 25 Third, the unchanged cardiac index during irrigation may have resuited from the cancellation of two opposing effects: increased HR, which would increase cardiac index, and an increasing SVR, which would decrease cardiac index.
The decrease in cardiac index measured after irrigation most probably reflects the increase in afterload which occurs with increased SVR. The close proximity in time of measurements makes it unlikely that the alteration in cardiac index occurred from other unidentified but predictable physiological changes, from other surgical events, or from thermal equilibration of thorax and periphery.
In the absence of serum catecholamine measurements, any contribution of increased sympathetic neural outflow to the haemodynamic sequelae of warm irrigation instillation remains conjectural. An increase in circulating catechol concentrations might suggest such a mechanism.
The increases in HR, BP, and SVR after irrigation, which increase myocardial oxygen demand, have potential clinical implications. Adverse cardiac events after aortocoronary bypass surgery continue to plague surgical care. Postoperative myocardial ischaemia occurs most frequently early after surgery, peaking during the first two hours after revascularization. 6 An increased myocardial oxygen demand arising from warm irrigation may exacerbate ischaemic tendencies at this time.
Instillation of warm irrigation after CPB increases HR and BP and is rapidly followed by increased SVR and decreased cardiac index. These haemodynamic responses may adversely affect poorly revascularized patients. Sympathetic stimulation from activation of pain or thermal receptors in the mediastinum might explain this phenomenon, but remains speculative at this time. Further investigation may clarify the aetiology of the haemodynamic responses to warm irrigation of the heart and pericardium.
